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AN IMAGE SENSOR CLOCK DRIVER HAVING EFFICIENT ENERGY 
CONSUMPTION 

FIELD OF THE INVENTION 

5 The invention relates generally to the field of clock drivers for 

image sensors and, more particularly, to such image sensors that use 
complimentary clocking of the CCD gates. 

BACKGROUND OF THE INVENTION 

1 o Currently, image sensors include clock drivers that drive CCDs for 

passing charge packets therethrough. Referring to Figs. 1 and 2, there is shown a 
two-phase image sensor having two gates 10 per CCD 5, each gate is 
schematically shown as capacitors 10a and 10b. It is instructive to note that the 
image sensor includes a plurality of CCDs, although only one is shown in the 

15 drawing for brevity. A cross capacitance is represented by capacitor 10c. Each 
CCD 10 includes a pin 20 having a switch 30 respectively attached thereto. Two 
buses 40 and 50 each having a unique voltage alternately clock their respective 
voltage to each of the gates 10 of the CCD 5. For example, and referring to Fig. 
1 , at the time before T 1 , switch 3 0a is connected to V 1 (40) and switch 3 0b is 

20 connected to V2 (50). CCD gate 10a is charged to voltage VI and gate 10b is 
charged to V2. At time Tl, switch 30a switches from VI to V2 and switch 30b 
switches from V2 to VI . Consequently, CCD gate 10a is charged to voltage V2 
and gate 10b is charged to voltage VI. 

Although the currently known and utilized image sensors are 

2 5 satisfactory, they include drawbacks. All of the energy required to charge the 

capacitors must come from the power supplies VI and V2. This causes inefficient 
use of the energy from the power supplies. 

Consequently, a need exists for an image sensor which efficiently 
uses the energy of the power supplies. 
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SUMMARY OF THE INVENTION 

The present invention is directed to overcoming one or more of the 
problems set forth above. Briefly summarized, according to one aspect of the 
present invention, the invention resides in an image sensor for reducing energy 
5 consumption comprising: (a) a charge-coupled device having at least two gates for 
receiving an electrical signal; (b) at least first and second electrical buses each 
having a unique voltage; (c) a first switch on each of the gates that connects each 
gate to any one of the electrical buses or to a neutral position; (d) a second switch 
to connect the two gates together for reducing power consumption by transferring 
10 charge from one gate to the other gate at a time when the first switches are in a 
neutral position. 

These and other aspects, objects, features and advantages of the 
present invention will be more clearly understood and appreciated from a review 
of the following detailed description of the preferred embodiments and appended 
1 5 claims, and by reference to the accompanying drawings. 



Advantageous Effect of the Invention 

The present invention has the following advantage of transferring a 
fraction of the energy from one gate to the other gate before charging the gates by 
2 0 the power supplies, which reduces the energy that taken from the power supplies 
to charge the gates. 



BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a prior art two phase image sensor; 
2 5 Fig. 2 is a timing diagram for the sensor of Fig. 1 ; 

Fig. 3 is a two phase image sensor of the present invention; and 
Fig. 4 is a timing diagram for the sensor of Fig. 3. 



DETAILED DESCRIPTION OF THE INVENTION 

Referring to Fig. 3, there is shown a CCD 55 of an image sensor of 
the present invention. It is instructive to note that the image sensor includes a 
plurality of CCDs, although only one is shown in the drawing for brevity. The 
CCD 55 includes two gates 60 for transferring collected charge therethrough. A 
cross capacitance is represented by capacitor 60c. A pin 70 is electrically 
connected to each gate 60 of the CCD for respectively providing a contact for 
each gate 60. Two switches 80 (preferably implemented by transistors) are also 
respectively connected electrically to each pin 70 for transmitting voltage to the 
CCD gates 60 from power supplies. Each power supply 90 and 100 supplies a 
unique voltage, which is supplied to alternately to each of the gates 60. 

A switch 110 (preferably implemented by a transistor) is 
electrically connected between the two pins 70 for transferring charge between the 
gates 60, as will be described in detail hereinbelow. It is instructive to note that 
the buses 90 and 100 are each maintained at a particular unique voltage. 

Referring to Figs. 3 and 4, the operation of the sensor is as follows. 
At time TO, switch 80a is connected to VI for charging gate 60a to voltage VI, 
and switch 80b is connected to V2 for charging gate 60b to voltage V2. At time 
Tl, switch 80a and switch 80b are opened (disconnected from the supplies VI and 
V2), and switch 1 10 is closed. The voltage on gate 60a changes to an 
intermediate voltage between VI and V2, and the voltage on gate 60b changes to 
the same intermediate voltage between VI and V2. Then at time T2, switch 1 10 
opens and switch 80a switches to V2 and switch 80b switches to VI . This 
decreases the voltage on gate 60a to V2 and increases the voltage on gate 60b to 
VI. 

At time T3, switch 80a and switch 80b are opened (disconnected 
from the supplies VI and V2), and switch 1 10 is closed. The voltage on gate 60a 
changes from V2 to an intermediate voltage between VI and V2, and the voltage 
on gate 60b changes from VI to the same intermediate voltage between VI and 
V2. Then at time T4, switch 110 opens and switch 80a switches to power supply 



VI and switch 80b switches to voltage V2. This increases the voltage on gate 60a 
to VI and decreases the voltage on gate 60b to V2. 

The present invention takes advantage of the simultaneous 
switching of gates 60 between two voltage levels. Since gates 70 are capacative 
loads, it is not necessary to change the voltages on the gates 60 by only supplying 
charge from the power supplies 90 and 100. 

The invention has been described with reference to a preferred 
embodiment. However, it will be appreciated that variations and modifications 
can be effected by a person of ordinary skill in the art without departing from the 
scope of the invention. 
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